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y^7)]yy-h7 u-i :^mm c p u 3 TRi^mmm^ t 
uTtstg-r^ck ^ \zm}SL^nx\^^^ct^<^mt^^m 

[«*^ 2 ] mmmm^mz\tzyxy^Anx7f)^^^ 

T§ t^^'^mizm^'^nxi^^^ <h ^^isi:^^^^ 

m\zmfr'^n^m2x^-z^t. ^5-, ^-rhn^y^ 
1, ^2, m3x5^->?(7)«ic*fTb: iocoxt^-v 

cFDziYRucpvuTizmm-^n^mmmmthx 

->'3>, ^^:U(Z)>IB{C*ff^n^^2X7^-Vci:..^ 
5- hA>;;i^(^)JI@JC*ff.$n'5^3XT---v0 3 
XT^-v^tCi^^t. mi, ^2, m3Xx->;oiB{c||ff 
locDXx-v7^^*^7-r^«Jl»Jfi<7)Jft»Ma^i3 

i&tT. mm\zmu^mw^mm(D:Kf—>^f}^3^/wf 
>m^x(Dmm^^norc^<Dmm^^r^ c 



[0 0 0 1] 

mz. y ^-)\^Y^u^v-^^)W-Yyv^ (FPG 
A) ^CPUny]S^DC^(7)^22tilSI<hLT^fig$-i^-2,/c 

[0 0 0 2] 

l^TiUffl^a i C(hi^^ffl^rRltt I C (AS I G) if^h 

^;/^x/UX (PLD) 7^<>:(Z)J:^{ca-lf7&^*^7CTtS 
^vy;i/Di^>;/^7W (PLA) ^FPGA35:<H5&^fe 

ig^#'5t)<^T*§« a:C:5T. T-f ^57D:/D•fe5'it 
«. -jglCC PU^L S I 5^^>7^±{C««Lyi. exxx 
ALS I <i:|i;i^^n^^>(OTa&-pT> IfeaiHlK't'jattlEl 

-H':7x7^ffi0^kt*SCi:TiStttgft^Soy^cR I S 

c (Ur^-xK 'Y>xb^>:^v3> ir .y h 3>tf 

[0 0 0 3] 

o ^iFLfflcD c P u 3 7 v-f ^ D :/b ir it Ji, 

ti, C P U a 7 ^#|gc<?)5^ ^hxm^^tvt^^^ ZL h 

• N 0 0 4]: ^i^^B^^i:^ LliifeUfe 
Jc;S:$n)^^c^T*0. FPGA^cD%cDlcCPUa7 

(ci:»9.1¥S5cDGPUr37*fflVi^^:<h;5:<, n.--if0r . 
Mc7)tatg^}$fc-frfc->X7^AL S I h'^^z.hii^x^. 

:d^T#> fllnx hto^Bin^R I S cyD-ir^/iJ-^ LT 

[0 0 0 5] 

h7i/-rR^sti^s^{iAfc««[ig&T^oT, 
c p u 3 7Rr;c p u 3 7 \zm^^t\^mim^\^ n v 

WM-^nfznm\zm^^^x. y^-jii^y^n^y-^^/ji 

50 y-h7W;6^CPU:3 7Rt;f^SlHl»i:LTt8tgT^ 
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[0 0 0 6] ±iE«^tci5iiT«. mmmm\za0J:o 
ALS lcDS:tf;^^^^<t)S:So y^-j\^\^yaif 

[0 0 0 7] sfe. mi^m2\zmm<D^m\t. m^mi 
\zmm(oMmmmx$>^x. mmmmzuz^x^rA/^T. lo 

[0 0 0 8] ±i5«fiSlc:fel.iT«. CPUrjyjcBfeg^ 
f^^lilCcfcoT, ffl#tCCPU3 70[)tStg^iiilD>.^ 
. I G 0 0 9 ] a*m3 icEmcO^BJI^, W^m 1 
^®a^. yx,y^. X^if+:L-i/3>. 

-I'o^mizmff'^ti^miTsT—z^t. x^-tf^^-^-v 

i'o(DXT'-z^timTT^m\zmm(DmmMm^m 
mifX. mmzm^^mM9!m<ox'r--jf)^3&/^-f:/ 

>m^x<Dmmmi^^ffo h(Dx^^. 
[0 0 10] ±iH«^{;:430iT^i. ^^(Dmwmmo?^ 

g ^m.^'t^ t ^MBi^^^ u c t i^im^(Dx\ 

[0011] tfz. mMm4 \zmt(mmm.^^^:^ 
-^m^mr)Mmtmmmi^i^&-^x. k 

o)mmmm\zm^s^^n^y'-i^^mL. my'-^u. 

ifcFiiarizmm^n^mmm^tLxmmt^rzi^ 40 

[0 0 12] ±BSfli^jc:feiiTtt, mmmi^o^y"-^^ 

:7 K T'o if ^ V >^;^y— h T W * c p u 3 7R 

^ms^t^z.t^mmz^?i^^o\zi3iD. m^mi\z 
mm(D^m(Di^m^n^ c t ^^mr^ z. tf)^x^^. 
[0 0 131 ^Tz. m^ms\zmm<D^mt. mmm4 
tci2«(Z)3 > \f:j.-^m^mo^m^mmmwx^^ 



[0 0 14] ±iH^^s{c:feViTf^. nMm4\zmm<o^ 

[0 0 15] sfc. m^m\zmm(D^m\t. m^m^ 
y^^tm^ms\zmm.(D3y}fzjL-^m^MD-^m^mm 

mi^X$>^X. Dv^yi7x-^ti. CFV:37\z^^m 
W^mm^. yx.y9: x3-h\ Xifif^^^rL-vaX 

-\^<Dm\zmfT^n^miy.v'-i^t. x^fif+^-v 

a>, ;*^U<0)li{c||ff^n^^2X5^-e^^. 
- ^-f hn^yi7(D||l::^ff^n'S^3X7"->?(3> 3X 
"T^-vlC^i^tt. ^1, ^2, m3 7.v^-z^om\Z^ff 
lo©XT'-v:^>^^7T^S{c»J<@(7)«^Ma^M 

s&UT, i^^jca;4^sistjasox5^-v^t3aA-ry 
y^ >m^x(Dmmi^^fTorzisb<Dm7&^^r^%<o 

X$>^o 

[0 0 16] ±iE«^ic*5ivT«> m^m4x^m^m 
5\zmm<D^mo)f^m\zm^x. m^ms^zmmco^m 

[0 0 17] 

Mmmm\z'z>\^^xmm^^mLxmm-r^o miiz^-r 
J:oiz. ^^miz^^mmm&i\t. fpga :(>^^- 
;^'H:/Dif^v:/;^^•-^>7W) 2^PROM3^:Sr 
mz.rzR I scyu±y^x$>r).->7.'TALs I 
mr^. FPGA2(Dmmt. PRousizmm-^nx 
^^>^az^y^y'-^\zm-^^^xmm^n^o ct^x. f 

PGA2(^. PROUSlzm^jL^MUz^y^/f—^ 

mmiz^cxm^ (^m^^ui^y ^mm^^mt^. 

^mmmmX\t. FPGA2«. PROUSp^a^Ui^y 
^y'—i^lZ^^Xy CPUn7 (CPUrD7) 5..fiJD 

7:5 fcj^M^n^ iyy.f-h.nx (s b u s xis i^g5/N* 

X) 8<?:LT«IIBir^J:'5tC«ME$nTVi^. GPUa 
7 5 \z\t. my)iL^&9t&^mr-( yy'y^/xvvy.^ 

(I REG) 5a, RrXyUX^^- (TREG) 5b 
tim?ibtl. mK>ii,^^y=L-)V^\Z\t. VXi^l/vX 
^ siifim^^nx\i^^. CPUn7 5fi. i/X^^AA 
X 8 LTfy 0 iii^^ 6 ]S^r;i5?-r V :x-- 
;i/7{Cg^^$tlTV>^o "^tz. CPU375ti. TYU 
XAXl 1, X— ^A'X12. :3>hD— jl'AXl 3(D 
■^n^n^gj^b. PROM3<i:(DP^Xx-5'<3D'1i>0«h 

[0 0 18] igBv-XxAAXS^CD-L-ifJci^-ffiic 
©lHlKOg?^JC-:)ViT0 2^#MbTSlM'r^<, v^Xt- 
AAX 8 {C*ri>Tt^. tf?&^^li0@8S 1 5 ^fi^tC 



5 

't^mBmr\t. a-if (DfHiS 1 5li. XREGl 5a 
(»J-Hi4f^) €:CPUii7 5ICffii±TVi^o Z(D 

u=i7 5 (D.mmmmzmmr^ c tf)^x-^^ ct\zu 
y^?5^-:?;^cj!ia^. cpu=i7 5<Di^gRT]Sji{c5!iar^ 

2:^m^^nTidK). ALUS 1 ^l/vX^7T-f Jl^5 
[0 0 1 9] ±fHPROM3]Cfait$i^^Ov-;^X- 

(A-FC^xTIBi*) mm\Z^^rti\i. FPGA^C 

p u t bT^lg^-fr^ D >:7 r-^ ^*^T€r 
zL-'^n z o)m^mmzi&m^ nrcx- ^ ^ c a d ick 

[0 0 2 0] ^*C{C. CPU37 5JCit^tKSffla(CO(/i 

n'ih^r^MmmMxu: 1 -3<biiS^ffla^:7 X 

(F) : (D) : ZLif-^^zL-z^ay (E) . 

>^^U (M) RI/^^ hA^y^^'/ (W) <D^X^yy\Z. 

(X) (^Xx:y:/^ffiXnfc6'D0X5"^y 

:/3&^e>;^^*)CD<!:-r^o c:<D»ffjaa<&. 041^^^" J: 
F, D(^)E«csifT$ns^i:;^5^-s^^:. E,. M 
<Dm\z^ntn^^2xf'-'jt. x. wi^nsic^fr^ 

n^^3Xx-v(^3Xx-vlC:»^t, ^1, ^2. M 
{c, l'::>oXx-v/^>W-rsSJciTbViSI»i!ia^g^ 

56bTVKo ;in(c<kn«. {f, e, x) t {d, 
M, wi t^m\z3^/uyxmmii^r^ct\zu 
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[0 0 2 1] Z.Z.X. fi£5l5*^e>*§5a/W:/ffif^O/1 

^•fy^ymwz^^^xm9^^mLxmm'r^o lit^ 
(Dsw^^ymmt. un9&m\tyx.y^ (f) , 

-H (D) . Ji^r^^^L-i^ay (E) , ;j<^»J (M) 
RU^^-fhA^yi? (W) 0D5O(7)XT'^y >^?J)^^;^0. 
F, D, E, M, Wc7))lI@lc#X5^'yy^llfTb. 10<7) 

zcy^^-f^ji^t^'e^j^^^jit^wimz^n'T^rz 
m-(D;<'^')^m.^r^::t\zfi^o 'to:)rcib. f 

D ^yA^-V V v'^ ix— ^y v J. <h:i&^^;&S^-v 

}MX.tz^o\Z. ^x^y^^it-f ^;l/^:><^Ulf'Yi7. 
;i/ im-(0 >^ ^ U ^^^-r S 5 »ffi7!jt^ U & 
i?), +Y^yv3.^^U^*g«*rs>iSS«?S:<. FPGA 

[0 0 2 2] ±E/Wy^^>Wlc;fettSl[itM/Mf 
20 -FRrXx-^A1f-K(^«ftffi^05RtK06^#M 

LTiaHjTSo ±iaA^y^-f >^JffliT'ti. ^i!S7Hi/ 

X0ti-#tj:. 05 (a) {C^fx^-fe*^^^-v3> 
(E) Tff^^ns- i:oT> ;»«^7FV'X^#^}tJ*tC 

ifn^'/v^yUnx\X. gI5 (b) ic^TNOP^g 
SlMtcJfA-rs J: -9 \z LTVi^o ^fc> */1-f ^ ^-f > 
^iPTtt. 06 (a) JC^'rJ:'5:^Xb-;l/(^>%*:0^^ 

PUn75rtgR<^ALU5 1 (02#M) i:l/vX^7 
30 r^;V5 2 tCDMJCAM/IXIilKS 3*l9:^tSo AL 
U5 llCA-r/IXiggSS 3$:g:^b:/'cJi'&OS£n{i0 6 
(b) IcS^f t>o<h;^So oS0> */1'1':?^^-f >*Jffl» 

TJi, 2^^^)\^xmm^^z.h\zuh. 

[0 0 2 31 07 fttX0 8 ^#mLT±En-f ^^-f > 
^ffii^^^SSlclttM'rSo 0 7ii^t^cfc5^Jc:>^ F, b(D 
^ i XT'-v{c<i; D P C F {r:fu^vK%'Oy^ry :x.v 
^^^i7)V, 08T5 4) i^mff^ti^t. :k\tE, M 
CD^2X^-vlCj;0PCE {:/uifyM.:fjOy^J^if 
if^^-V3>. 08T5 5) i)mt>tl^^^. Z(DM2 
40 Xx- v(5[)Hi&i:|f|KpfC, ^C9fffcJ5:ii»j!ia;0^S^6$ 
n. ^CO^lXx-v' (F, D) TIRF (-f>Xh^ 
i7v3>l/'vX^7x^y^1^--r^;i/, 08T5 7) :*^fT 
t^nSo OSD. PCE<h I RF7!>^M5»JiCi!ia^tlSo 

^tT> fiin<^jRgiQa<^:^Tx, w(7)^3Xx-v7:j^ 

fflJ&^nXPR (ZfUi/yAUi>7.i^^y^yfh. 0 

8T5 6) 7:>^ff:bnsi:. ^n^MffbT, mzf^mw 

fflao:^Ti^^2Xx--v (E, M) }6^gBi6^nT I R 

E K>Xh^iJ7V3>l^vX:$^X^-t?:^^^-V3 >, 

08T5 8) )!l^fTt>tl'5o rf^t)^. CPU37 5<7)^ 
50 1 X5^-i^^llff f -SaPi^^. «ICF, D(Dfm<0^^ 




»5aS(Cfctt^^2Xx— >• (E. M) i;)mJTi,t. 
^3Xx-x (X, W) dtpaiS^tlT I RW (-i>7.h 

[0 0 2 4] ^o^o\z. ifmmmmo^mmM^wzii 

ntf. PROM3lc:Et6$tlfcD>5.yi^x-^®rt$lC 
«':?l'iT. FPGA2*tCPUri75StX^0^a0K 

AA-X8) tLTt»ffi-r-50T'. FPGA2$^ii^T 

v^ntf, cpun7sac^jaiiis®^>y:/^^g^^^jjj 

1td^|fiJ±t"-5. Sfc, FPGA2{c^3ViT. CPUnT 
5 IC»«S$tlS->X-r 8 *Sttfc®T, a— >f « 

«ltg^Wr5CPU=iT*^tr->X5^ALS I 
[0 0 2 5] *ll»^0^«iaKl 

cpu3T5ic*ttstg^j!ii!tt. s&mmz^^ 
ic. y:^y^^^if)i't)<=i:tjD-'{i;)i,ti)mmizmn 

1^-© ;< t 'J SM^-r S t -5 *® D -5 C <i:d% 

F P GA 2*3a*^<fiJfflt- .5 C 
[0 0 2 6] *fSM«±iE«6CDJg8l©«fi)iJCIS : 

C P U3 7 5 ®^aiilK*tilJ t) jA,*t 
6R):^3^'f7ts;rt-;i.7t$tlTVi-5d<. Ctl&©t 

[0 0 2 7] 

na, cpun7st;^aiiKffltsig©^M«> nj?-;/ 

0ra©t8i6$#-r-5CPU37^#tl'->X5^ALS 4 

75^T#;&V» C P U3 7 J: 0 t)finx hT4^-r-5 ^ 
T#-5, ^fe. FPGA*tCPUn7SDC«aiilK<i:t 

TSiigf ^®T. mmwi^izmmL^nrnifi^m^^ 
y-f<ofk^m'p^ii:^;iti)^T'^, m^SLJimmizfiom so 
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[0 0 2 8] sfc. m^m2izmmo^miz^nit. 
■oT. mmzcpvzi7<DWim^misa ■ ^z-r^z.tf)i 

^— !f!it^6fcCPU37®«>$*aifpt-^c:t 

*^T#^<J;5tc;&S, Sfc. i¥5l5y7h'>x7ICiSV 
-(I'^^T'Di/^ 3 >i^*JffllT#^®^^^^^ffl bT Ld^ff 
•5rt*tT#)S:!6^ofc®3S«:. C P U3 7®taig^igj!)P 
10 •iSMTSCi:lcJ:oTCPU37rta5T?:iSaic«ia-r 

[0 0 2 9] itc. m^m3\zfSm(0^mizJ:Hi£, 

fa:©s»«ia$M^jw$-e-§i^TSoTK y^^y 

iJifli:-rsca:;S:<M5»J®if^;0rsiffi<i:i5:Sfc*. -e©^). 
:3 7.h$fiMf-5Ct;di-C^. FPGA*3a*^<ftffl 

20 [ 0 0 3 0 ] tt*^ 4 75M»*« 6 IC^«®|6W 

®l6M»CJ:0»5nS3a^$#-r-5->X7-ALS I (DWt 
[0S®ffl#;^j:giM] 

[01] *^l?0-SIJSJg®(c|^S«StIll»®«fi!E$^. 

[02] ±flBft»(lDlK®CPU37tca— tfom^sg 
^Lfe«^®x-^/1X$^-r0Tfe5, 
so [03] y^-f >*iJ»C*Jtt ^ 3 i^/W T'OM^JK 

[04 ]^±EC P U3 7®SlfiCfflaJC*ttS 3 r)®Xx 

[05] (a) tt4J-te7KUX«t#©fc!i&{cxh-;l/$ 
tiTti^jtn*^-r0> (b) tt4M!SjlJg©NOP#A 

®8sn*^-r0T*-5. 

[06] (a) ttx-^^fe#®fc^^>lc:^ h-;p$nTti 

fmzn'<n7.m'^^m.mzm^<j>mn%^rm-^$>:h. 
0 [07] ±lacpua7o«»^!lalc:fe^^s/1-1■7■^-^ 
>ft^»©7D-$3^f 0rc&s, . 

[08] ±fBCPUn70x-^yiX*5^f 

[09] a^©/wy7'i'>^»n*jtfs5&/wy© 

2_ FPGA (7^'-;i'F7"Di^7-77';|>y-h7L' 

3 PROM (mmmm.) 

5 CPUn7 (CPUn7) 
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